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bjectives The aim of this study was to describe our institutional experience with transcatheter coil
cclusion of patent ductus arteriosus (PDA) in symptomatic low birth weight pre-term infants.
ackground Transcatheter treatment of PDA in very small infants (2 kg) is technically challenging
nd therefore often not considered as an alternative to traditionally accepted modalities (surgical or
edical treatment).
ethods Coil occlusion was offered as an option to selected infants with symptomatic PDA. Case selec-
ion for the transcatheter procedure was determined by the patient’s weight, PDA size, size of ampulla,
nd the anticipated coil mass required for complete closure (determined through echocardiography). The
DA occlusion was achieved with coils delivered with assistance of a 3-F bioptome. Arterial access and
atheter manipulation within the cardiac chambers were avoided whenever feasible.
esults Eight pre-term infants underwent coil occlusion. Gestational age ranged from 27 to 32
eeks (28.7  1.9 weeks). The median birth weight was 1,040 g (range 700 to 1,700 g), and the me-
ian weight at the time of procedure was 1,100 g (range 930 to 1,800 g). Three patients were re-
eiving mechanical ventilation before intervention. Duct sizes ranged between 2 and 3.5 mm. Com-
lete occlusion of the duct was instantly achieved in 7 patients, and 1 patient had a small residual
ow for 24 h. There were no major procedure or access-related complications; 4 patients were dis-
harged within 72 h; 1 patient was discharged on Day 10. Three patients required prolonged venti-
ation (34 and 150 days) due to pulmonary pathology.
onclusions It is technically feasible to undertake transcatheter coil closure of PDA in carefully
elected symptomatic pre-term infants, and it is a safe alternative to surgical ligation. (J Am
oll Cardiol Intv 2010;3:550–5) © 2010 by the American College of Cardiology Foundation
rom the Department of Pediatric Cardiology, Amrita Institute of Medical Sciences and Research Center, Kochi, Kerala, India.anuscript received September 21, 2009; revised manuscript received December 2, 2009, accepted January 8, 2010.
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551atent ductus arteriosus (PDA) often complicates the hos-
ital course of pre-term newborns (1). Traditional treatment
ptions include medical treatment with nonsteroidal anti-
nflammatory agents, surgical ligation, or clipping. Surgery
as been shown to be safe and can be accomplished in the
eonatal intensive care unit itself. However, it involves
horacotomy with attendant morbidity and mortality (2).
ortality associated with PDA ligation varies and is depen-
ent on the characteristics of the patients (2,3). Surgery is
ften challenging in the face of common neonatal problems
uch as thrombocytopenia and sepsis.
Catheter closure can potentially overcome several of these
imitations. However, the transcatheter procedure in small
ewborns is technically challenging with most currently
vailable hardware. We had previously described a tech-
ique that allows occlusion of large PDAs in small infants
4,5). We also reported a modification of this technique to
lose an aorta–right atrial tunnel in a newborn (6). We have
odified the same technique for coil occlusion of PDA in
elected pre-term infants. In this article we describe our
xperience in 8 pre-term infants with PDA.
ethods
e retrospectively reviewed the medical records of all low
irth weight pre-term infants who underwent coil closure of
DA at our institute from January 2002 to August 2008.
atient selection for coil occlusion. All pre-term infants
eferred to our department with symptomatic PDA as
videnced by tachypnea or failure to thrive or those who
ere dependent on assisted ventilation were evaluated for
uitability of coil occlusion. Medical treatment with indo-
ethacin or ibuprofen was attempted in all these patients
nless contraindicated. A thorough echocardiogram was
erformed, and views of the PDA were obtained as de-
cribed previously (4,5). A number of considerations dic-
ated suitability for coil occlusion. Echocardiographic crite-
ia for selection were based on assessment of size of the
mpulla, minimal duct diameter, and weight of the patient.
he ampulla had to be large enough to accommodate coils
ith diameters of approximately twice the diameter of the
uct (Fig. 1). An additional concern related to the diameter
f the descending thoracic aorta in these small infants. The
mall descending aorta precluded the use of coils with
iameters of 6 mm or more. Consequently, ducts 3.5 mm
n diameter were not considered for coil occlusion. Finally
he patient’s weight was considered. We did not offer coil
cclusion for infants 800 g, because we were uncertain
hether a 4-F delivery system could be safely introduced in
hese infants.
nformed consent. Informed consent was obtained from the
amilies of all patients after carefully explaining the potential
isks and alternative treatment options. tedation and anesthesia. The procedure was done under
onscious sedation in 5 babies with a combination of
ntravenous ketamine and midazolam. Two patients were
entilator-dependent, and 1 patient who had significant
espiratory distress was electively ventilated. Euthermia was
aintained by bear huggers and by use of warm saline as
ush solution. A neonatologist and an anesthesiologist
onitored the patient’s condition during the procedure.
ccess. The femoral vein was cannulated with a 24 gauge
annula, and 0.014-inch coronary guidewire was inserted.
nce the wire was well into the vessel the cannula was
dvanced into the femoral vein. The coronary wire was
emoved, a 0.018-inch short guidewire was introduced, and
4-F micropuncture sheath (Cook, Inc., Bloomington,
ndiana) was introduced over this wire. The micropuncture
heath was then exchanged for a short introducer sheath
4-F in 7 patients, 5-F in 1 patient). Arterial access was
voided unless the femoral artery was accidentally punctured
r previously accessed. Heparin (100 U/kg) was used only if
rterial access was obtained.
rossing the duct. As far as possible, catheter manipulation
ithin the cardiac chambers was avoided. A 4-F right
oronary catheter was positioned at the inferior vena cava
nd right atrial junction. A 0.025-inch Terumo guidewire
Terumo Medical Corporation,
omerset, New Jersey) was ma-
ipulated across the right ventri-
le, into the pulmonary artery,
nd across the PDA into the
escending aorta (see Online
ideo 1). A 25-cm, 4-F introducer sheath (Cook) was
racked over this wire into the aorta. Ductal angiograms
ere performed in the lateral view (Fig. 2, Online Video 2)
nd right anterior oblique views through the long delivery
heath positioned at the aorta end of PDA with the
echnique described previously (4,5). Landmarks for coil
lacement were identified in relation to trachea-bronchial
ir shadow or the nasogastric tube (Fig. 2).
election and preparation of coils. Ductal anatomy was
valuated by both transthoracic echocardiography and an-
iography, and the size of the Gianturco coils (Cook) were
ased on the narrowest diameter of the PDA and the
dequacy of the ampulla. Multiple coils (2 in 6 patients, 3 in
patient) were used in all but 1 patient. Multiple coils were
ied after gentle stretching of their ends with 3-0 prolene
uture. The tied coil mass was held with a bioptome and
oaded into a 4-F loader sheath. The loader sheath was
dvanced into the delivery sheath well past the bleed-back valve
o avoid the coils catching the bleed-back valve. A 5-F loader
nd delivery sheaths were used for the patient requiring 3 coils.
oil delivery. The prepared coil mass was delivered via the
ong sheath, with the sheath positioned just beyond the
mpulla (Online Video 3). This allowed more space for
Abbreviations
and Acronyms
PDA  patent ductus
arteriosushe coils to form. The coils were brought out into the aorta
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552ntil 1 to 2 mm was retained in the sheath. The entire delivery
ystem was then gently withdrawn until the coil mass was
ithin the ampulla on the basis of the previously identified
andmarks. Confirmation of the position of coil mass and
bsence of any obstruction to adjacent structures was deter-
ined by dye injections from the side-arm of the introducer
heath and by echocardiography (Online Video 4). The coil
as then released from the bioptome (Online Video 5).
ssessment of results and follow-up. Immediate results were
ssessed by echocardiography in the cardiac catheterization
aboratory. Color Doppler evaluation was done for determi-
ation of residual flows and any turbulence at the origin of
he left pulmonary artery.
esults
mmediate outcome. Eight pre-term infants underwent coil
losure of PDA. The demographic details and pre-
rocedural characteristics are shown in Table 1. The gesta-
ional age was 28  1.9 weeks with a range of 27 to 32
eeks. The median birth weight was 1,120 g (range 700 to
,700 g), and the median weight at the time of procedure
as 1,100 g (range 930 to 1,800 g). All patients had poor
eight gain. They were all tachypneic and had symptoms of
Figure 1. Echocardiographic Assessment of the PDA for Determination of F
This picture frame has been obtained with the high parasternal view (ductal v
space just to the left of the manubrium. The entire patent ductus arteriosus (P
can be demonstrated. The entry point of PDA in pulmonary artery (marked by
nation of the coil diameter (approximately twice this diameter). The right pan
artery.eart failure. Three patients (Patient #1, #6, and #8) oequired assisted ventilation before the procedure. Seven
atients had failed trial of medical management, and in 1
Patient #8) (Table 1) it was not considered safe because of
evere thrombocytopenia. Size of the PDA was 2.5  0.46
m. Complete occlusion of the duct was achieved imme-
iately in 7, and 1 had tiny residual flows that disappeared
n 24 h. Average fluoroscopy time taken for the procedure
as 8.1  1.9 min (Table 2). There were no unsuccessful
ttempts at coil occlusion.
omplications. One patient required transient bag and
ask ventilation for apnea during the procedure. There
ere no procedural complications in other patients.
ubsequent hospital stay. Four patients were fit to be
ischarged or referred back to the parent hospital for the
ontinuation of pre-term care. One patient remained with
s for the continuation of pre-term care and was discharged
fter 10 days, because there was adequate weight gain. Of
he 3 patients who required mechanical ventilation before
he procedure, 1 patient was extubated on the third post-
rocedure day. Patient #6 had multiple congenital anoma-
ies secondary to congenital rubella syndrome, bronchopul-
onary dysplasia, and retinopathy of prematurity. He
equired prolonged ventilation for 34 days and was dis-
harged 52 days after the procedure. Patient #8 had devel-
ility of Catheter Closure
high-frequency transducer (5 to 12 MHz) is placed in the ﬁrst intercostal
ncluding the aortic end, the ampulla, and the pulmonary arterial insertion
arrows) can be measured with precision. This measurement allows determi-
ws color Doppler ﬂows across the PDA. Ao  aorta; MPA  main pulmonaryeasib
iew). A
DA), i
white
el shoped bronchopulmonary dysplasia at the time of interven-
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553ion and was ventilator-dependent for 5 months and finally
ischarged 6 months after the procedure.
ollow-up. There were no residual PDA flows or recanali-
ation of PDA on follow-up. Follow-up echocardiograms at
month and 6 months showed no impingement on adjacent
tructures or left pulmonary artery turbulence. Median
ollow-up was 9 months (range 3 to 72 months). Patient #6
ied of a lower respiratory tract infection 6 months after the
oil closure. Others were doing well on follow-up and had
ppropriate catch-up weight growth.
Figure 2. Angiographic Demonstration of the PDA Before and After Coil Oc
(A) A lateral-view angiogram of the patent ductus arteriosus (PDA) obtained b
PDA with a guidewire in the descending aorta (Online Video 2). This allows pr
arrows indicate the pulmonary arterial end of the PDA. Retaining the guidewi
PDA is ﬁrst crossed, before positioning the sheath, with a glide-wire alone (On
angiograms of the duct before coil occlusion. (B) Shows a lateral-view aortic a
cannula after deployment of the coils (Online Video 5). The coil delivery seque
is minimal protrusion of the coil in the pulmonary artery. Excessive protrusion
left pulmonary artery. Abbreviations as in Figure 1.
Table 1. Characteristics of 8 Pre-Term Infants Undergoing Coil Occlusion o
Patient #
Gestation
(Weeks)
Age at Procedure
(Weeks)
Weight (g)
Birth At Proc
1 28 8 700 110
2 31 3 1,700 1,30
3 27 4 1,200 1,05
4 28 16 770 1,80
5 32 4 1,400 1,20
6 28 10 1,200 1,10
7 27 4 1,040 94
8 30 4 930 93
*Indomethacin or ibuprofen was not administered because of severe thrombocytopenia.PDA patent ductus arteriosus; ROP retinopathy of prematurity.iscussion
ranscatheter coil occlusion of small and moderate-size
DA in older infants is well established (4,5). It is consid-
red technically challenging in pre-term small infants. Our
xperience demonstrates its feasibility in selected pre-term
nfants. In our view a careful assessment of anatomy of the
uct by echocardiography before the procedure is a critical
tep. The procedure should be planned, as far as possible,
uring the echocardiography. The assessment of the am-
n
d injection through the side arm of a 4-F introducer sheath placed across the
eﬁnition of the duct anatomy with small volumes of contrast. The white
ws precise and stable positioning of the sheath tip in the duct ampulla. The
ideo 1). This technique eliminates the need for an arterial puncture to obtain
ram obtained by a forceful injection of diluted contrast in the femoral arterial
re shown in Online Videos 3 and 4. The coil mass in ampulla is seen. There
ls in the pulmonary artery can potentially result in stenosis of the origin of
PDA
Symptoms
Trial of Medical
Management
Heart failure, failure to thrive ROP stage II Yes
Heart failure, failure to thrive Yes
Oxygen dependent, failure to thrive, heart failure Yes
Heart failure Yes
Failure to thrive Yes
Congenital rubella syndrome, ventilator dependent,
bronchopulmonary dysplasia, ROP stage III
Yes
Heart failure, failure to thrive Yes
Ventilator dependent No*clusio
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554ulla to determine whether enough space is available for the
oils of appropriate diameter to be lodged in it is particularly
mportant (4,5,7,8). The diameter of the descending aorta is
lso an important variable, because the coils have to be
pened in the proximal aorta.
There are specific technical steps that are vitally impor-
ant while catheterizing these very small babies. Attention
o specific details relating to access and obtaining the
ppropriate miniaturized hardware is the first step. Catheter
anipulations within the heart have to be minimized to
revent injury and to avoid causing arrhythmias and hemo-
ynamic instability. With a 4-F right coronary catheter
ositioned at the inferior vena cava–right atrial junction, the
DA was consistently crossed with an angled hydrophilic
Terumo) guidewire that was maneuvered and parked in the
istal descending aorta.
A 4-F long introducer sheath was used. Angiography of
he PDA was performed via the side arm, and arterial access
ould be avoided in most (Fig. 1). This allowed simulta-
eous delivery of 2 0.038-inch coils with a 3-F bioptome.
he smallest baby in this series weighed 930 g. The 4-F
ntroducer sheath was easily introduced in this child. We are
ncertain about the lowest weight that would allow the safe
assage of a 4-F sheath. Although it is conceivable that a
-F sheath would allow the delivery of a single coil with the
ame 3-F bioptome, we did not attempt closure with the
-F sheath.
There have been limited reports of coil occlusion of
DAs in babies 2 kg. Roberts et al. (9) reported at-
empted coil closure in 10 pre-term neonates with median
eight of 2.2 kg (range 1.6 to 2.6 kg). They could achieve
ranscatheter closure in all except 1. The smallest reported
nfant was a 1,180-g infant born near term in which PDA
as closed with single coil (10). The only other case report
hat we could identify was that of a 1.4-kg infant who
Table 2. Procedural and Follow-Up Details of 8 Pre-Term Infants Undergoin
Patient # Weight (g)
Access
PDA Size
(mm)
Coils Ch
FV FA Number Spe
1 1,100 4 24 gauge cannula 2.5 2 0
2 1,300 4 None 2.5 2 0
0
3 1,000 4 None 2 2 0
4 1,800 5 None 3.5 3 0
5 1,200 4 None 2.5 1 0
6 1,100 4 3-F pigtail 3 2 0
7 940 4 3-F pigtail 2.5 2 0
8 930 4 24 gauge cannula 2.2 2 0
*Coil specification: wire thickness (inches coil length [cm] coil diameter [mm]).
FA femoral artery; FV femoral vein; other abbreviations as in Table 1.nderwent coil closure (11). uOcclusive devices (such as the Amplatzer Duct occluder,
GAMedical Corporation, Plymouth, Minnesota) are now
enerally accepted for transcatheter treatment of the PDA
n older infants 5 kg (12). In smaller infants there is a
ossibility of narrowing of the adjacent aorta from protru-
ion of the aortic retention disc (13). Modifications in
esigns in the second-generations duct occluder (Amplatzer
uct occluder II or ADO II, AGA Medical Corporation)
evice might mitigate this concern. However, its use in very
mall and pre-term infants is not recommended (14,15).
ur specific concern with the ADO II is the potential for
he retention discs to produce narrowing of the aorta or the
ulmonary artery adjacent to the PDA. Therefore, for this
elect group of very small infants, the only option for
atheter-based occlusion of the PDA is coil occlusion,
ecause the coils can be delivered almost entirely within the
mpulla.
Our case series clearly demonstrates the feasibility and
afety of transcatheter coil occlusion in selected pre-term
ick newborns. The most important factors determining
uccess are the weight of the baby, ductal size and anatomy,
nd the availability of suitable hardware. With attention to
natomic details and planning of hardware, procedural risks
an be minimized and success rate can be maximized.
urther developments in miniaturization of hardware to-
ether with development of newer devices can potentially
mprove the scope of catheter closure for ducts in pre-term
nfants (16).
tudy limitations. This was a retrospective observational
tudy. We did not attempt to make any comparisons
etween coil occlusion and surgical ligation of PDA, be-
ause the decision to do either was based on the anatomy of
he duct and body weight. A carefully selected subgroup was
ffered coil occlusion. Coil occlusion is unlikely to be
easible in pre-term infants with large (4 mm) ducts.
dditionally those infants with a small ampulla are also
Occlusion of PDA
Result
Fluoroscopy Time
(min)
Hospital Stay
After Procedure
(Days)
Follow-Up
Duration
(Months)ion*
–5 Complete occlusion 7 1 9
–5
–5
Complete occlusion 9.8 10 24
–5 Complete occlusion 7.2 2 6
–6 Complete occlusion 8.5 1 12
–4 Complete occlusion 11.3 1 7
–4 Complete occlusion 8.2 52 5
–4 Complete occlusion 8.7 1 72
–4 Complete occlusion 4.8 180 13g Coil
osen
cificat
.035–5
.038–5
.038–5
.038–5
.038–5
.038–3
.038–3
.038–3
.038–3nlikely to be suitable for coil closure. During the study
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555eriod 74 babies below the age of 3 months underwent
urgical closure of ducts at our institute, because their
natomy was not suitable for coil occlusion.
Thus, on the basis of our overall experience, approxi-
ately 10% of these very small patients were suited for coil
cclusion. However, it seems that with increasing experi-
nce a greater proportion of patients can be offered coil
cclusion, recognizing that 7 of 8 procedures happened in
he last 3 years. This suggests that the proportion of babies
ith suitable anatomy is small with the available hardware.
e did not encounter embolization in this small group of
atients. However, coil embolization is likely to have serious
onsequences. Attempts at retrieval would be very challeng-
ng and potentially hazardous. Therefore careful case selec-
ion is critical.
onclusions
oil occlusion of PDA is possible and can be safely
ccomplished in carefully selected pre-term low birth weight
nfants. Thorough echocardiographic delineation of ductal
natomy and attention to specific technical details are vital
o the success of this procedure.
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onsultant Pediatric Cardiologist, Seven Hills Hospital, Marol
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APPENDIXor accompanying videos, please see the online version of this article.
